Phylogenetic relationships of Orthalicoidea, a highly diverse and dominant element in the Neotropics, were studied using nuclear and mitochondrial DNA sequences (ITS2/28S, CO1, H3
Introduction
The land snail group Orthalicoidea is a highly diverse and dominant element in the Neotropics, with currently approximately 68 genera (Schileyko 1999 ) and more than 1700 available taxon names (richArdSon 1993 (richArdSon 1995 . Moreover, members of the group occur in South Africa with the relict genus Prestonella (herberT 2007), in Australia with the genus Bothriembryon (STAniSic & Solem 1998) , and in New Zealand and several Australasian island groups with the family Placostylidae (del- SAerdT 2010; neuberT et al. 2009 ).
Phylogenetic data on this group are still scarce, due to the paucity of suitable samples in museum collections. WAde et al. (2001) were the first to present a phylogenetic tree based on ITS2/28S gene markers, with one species of Orthalicoidea represented (Placostylus, then classified with the Bulimulidae; richArdSon 1995). They showed that this taxon was included in their 'non-achatinoid clade' with Leucotaenius (Acavidae) and Elasmognatha (Succinea, Athoracophorus) as sister group. In a more extensive study, WAde et al. (2006) added five additional species of the Orthalicoidea, covering the genera Placostylus, Bulimulus, Drymaeus and Gaeotis. The latter genus was placed in the Amphibulimidae, the others in the Orthalicidae. In their tree the Orthalicoidea appear to be monophyletic with support values of 86% bootstrap in Neighbour-Joining (NJ) analyses. Gaeotis branched off basally and the Orthalicidae had support of 49% bootstrap in NJ; Placostylus appears basal to Bulimulus and Drymaeus. herberT & miTchell (2009) added two species of the African genus Prestonella and one species of Australian Bothriembryon to a subset of the results of WAde et al. (2006) . In their resulting tree Gaeotis is basal to the rest of the Orthalicoidea, with the Prestonella species as a strongly supported sister-group (posterior probability (PP) = 1.0) to a clade of Bothriembryon and Placostylus. Bulimulus and Drymaeus appear as a strongly supported (PP = 0.99) sister-group of the clade with Prestonella, Bothriembryon and Placostylus. In a study of Peruvian Bostryx and Scutalus, rAmírez et al. (2009) 
used a different genetic marker (16S rRNA). Their results indicate that
Placostylus is more basal than the two Peruvian genera. In a recent study using ITS2/28S, breure et al. (2010) Fig. 1. Bayesian phylogeny for the Orthalicoidea as a result of a BEAST analysis, based on a 2079 bp multi-locus data set of mitochondrial and nuclear DNA. Posterior probabilities of 0.9 or above shown at left side of nodes. Scale bar in substitutions/site. Summary of clades recognized in the present study (in parentheses corresponding ones of Breure et al., 2010) : A (A) genera Bostryx, Bulimulus, Drymaeus, Naesiotus, Peltella, Rabdotus, and Scutalus; B (B) genera Bahiensis, Clessinia, Cyclodontina, Plagiodontes, and Spixia; C (-) genera Leiostracus and Simpulopsis; D (C) genera Bothriembryon, Discoleus, Eumecostylus, Placostylus, Placocharis, Plectostylus and Prestonella; E (-) genera Megaspira and Thaumastus; F (D1) genera Corona, Orthalicus, Porphyrobaphe, and Thaumastus; G (D2) genera Gaeotis and Plekocheilus. * denotes the basal taxon Thaumastus crenellus.
added 20 more species, covering all major groups within the Orthalicoidea. Their results showed five monophyletic groups, corresponding to the Amphibulimulidae, Orthalicidae, Placostylidae (s.l.), Odontostomidae and Bulimulidae. They concluded that the Coelociontidae, postulated to be part of the Orthalicoidea by uiT de Weerd (2008) , had to be excluded from this group. The Megaspiridae, another possible candidate for inclusion in this superfamily, could not be analysed due to lack of data.
Other studies using phylogenetic methods in the Orthalicoidea focused on the relationships at species level. Ponder et al. (2003) studied the relationships between Placostylus species from Lord Howe Island and New Zealand. PArenT & creSPi (2006) investigated the radiation in Galápagos Bulimulus [sic, Naesiotus] . TreWick et al. (2009) studied the diversity in New Caledonian Placostylus. They all used CO1 and 16S as genetic markers.
The classification of this group is still unstable, especially at the (sub)familiar level, and is hitherto based on shell morphology and anatomy. Orthalicoid shells are generally elongate-ovate, but shell shape is rather diverse and several extreme examples are known showing cylindrical to fusiform shells (Spartocentrum and Berendtia in Baja California: chriSTenSen & miller 1975; some Bostryx species: breure 1978 some Bostryx species: breure , 1979 or discoid shells (breure 2008). breure (1979) used a limited number of morphological traits in a cladistic phylogenetic reconstruction of the Orthalicoidea (then classified as Bulimulidae; see breure et al. 2010). neuberT et al. (2009) questioned this character selection and the polarity (as plesio-and apomorphic) used. They called for a re-evaluation using more precise anatomical data. In a recent, preliminary morphological cladistic study of part of the family, cuezzo et al. (2010) corroborated hypotheses of both breure (1979) and herberT & miTchell (2009) about the Gondwanan relationships of a number of genera.
In this study we will present the results of ongoing phylogenetic research on this superfamily, which so far yielded both support for previously presented hypotheses as well as surprises in terms of unexpected topologies (breure et al. 2010) . The resulting molecular phylogenetic framework is compared to traditional morphology-based classifications, providing new insights in the monophyly at several levels within the Orthalicoidea and shedding new light on the position of some taxa. Our central hypothesis, to be tested in this paper, is that the distribution of this group of Gondwanan genera (Bothriembryon, Placostylidae sensu neuberT et al. 
Material and methods

Taxon sampling
Material sequenced in this study was partly collected during a field trip in Peru in March 2010; additional material was kindly supplied by colleagues. All material is listed in Table 1 with accession numbers for museum vouchers, localities and GenBank accession numbers. All tissue samples were taken from the tail of snail feet and fixed in 96% ethanol. The total number of Orthalicoid taxa represented is 74 (compared to 30 in breure et al. 2010), representing 30 genera. Taxon sampling was not evenly distributed, but all the families recognized by breure et al. (2010) were represented (including Megaspiridae). Species identifications were made using the shell morphology and generic assignments follow breure (1979) and SchouTen (1985) . Type species were included whenever possible, representing nine (sub)genera.
DNA extraction, amplification and sequencing Whole genomic DNA was extracted from tail tips of snail feet with a DNeasy kit (Qiagen, Inc.) following the manufacturer's protocol for animal tissues. eschweizerbartxxx sng-Three gene fragments were amplified in 25 μl reactions. Fragments of mitochondrial cytochrome oxidase 1 (CO1) were amplified using the Folmer primers (Folmer et al. 1994 ). Fragments of histone 3 (H3) were amplified using primers H3pulF 5'-GGAGGCAAGGCCCCACG-TAARCA -3' and H3pul3 5'-TTGGCGTGGATGGCG-CACARG -3' (uiT de Weerd, in prep.) . Fragments of the nuclear ITS2 and 28S rRNA (hereafter 28S) were amplified using the primers LSU1-3 and LSU 2-5 (WAde & mordAn 2000). Reactions consisted of 2.5 μl of Qiagen PCR buffer, 0.5 μl of 10 mM dNTPs, 1 μl each of forward and reverse 10 mM primers, 0.25 μl Taq DNA Polymerase (Qiagen Inc.), 1 μl of template DNA, and water to 25 μl. Reaction conditions included an initial denaturation step at 94 °C for 3 min, followed by 40-45 cycles of 94 °C for 15 s, an annealing of 50 °C (COI / 28S) or 57 °C (H3) for 30 s and 72 °C for 40 s. PCR products were purified, and then sequenced under BigDye terminator cycling conditions, purified by ethanol precipitation, and run on an Applied Biosystems 3730xl sequencer by Macrogen. All sequences were checked for contamination using a BLAST search. Some sequences have been previously published (WAde & mordAn 2000; herberT & miTchell 2009; breure et al. 2010) ; new sequences obtained during the present study are indicated in Table 1 .
Phylogenetic analysis
Forward and reverse sequences of each gene were assembled and edited with Sequencher 4.7 (GeneCodes Co., Ann Arbor, USA). Accession numbers of all sequences are listed in Table 1 Phylogenetic reconstructions were executed with Maximum Likelihood (ML) and Bayesian methods (MrBayes (MrB) and BEAST (B) respectively), both on individual gene partitions as well as on the combined partitions set (CPS).
Bayesian inference was used to obtain posterior probabilities for the nodes in the trees, using MrBayes (v. 3.1.2, ronquiST & huelSenbeck 2003) . All sequences were analyzed using the nucleotide substitution model GTR+Gamma+Invar selected by jModeltest 0.1.1 (PoSAdA 2008), with four categories. MCMC runs were performed with a chain length of 10 7 , and two chains (two heated t=0.1, 0.3, one cold), sub-sampling frequency 10,000, a burn-in length of 100,000, and unconstrained branch lengths. The results of MrBayes were used to explore the CPS data with BEAST (see below) to obtain an improved topology.
In all analyses, an outgroup was chosen consisting of two Megalobulimus species (Megalobulimidae), Coelocion australis (Coelociontidae), and Leucotaenius proctori (Acavidae), with the latter as root in 28S analyses and M. perfragilior in the CO1 and H3 analyses. 
Phylogenetic signal detection
The amount of phylogenetic signal present in a data set is reflected by the percentage of fully resolved quartets, as opposed to unresolved or partially resolved quartets, with the use of quartet puzzling and likelihood mapping (SchmidT et al. 2002; STrimmer & von hAeSeler 1996) . This method, as implemented in Tree-Puzzle v5.2 (SchmidT et al. 2002) , investigates the support of internal branches without forcing a tree and graphically visualizes the phylogenetic signal present in a data set. By assigning sequences to clusters, likelihood mapping allows for exploration of possible relationships and alternative topologies (SchmidT & von 
Ancestral area reconstruction
The combined partitions set (CPS) was used during BEAST v1.6.1 (drummond & rAmbAuT 2007) analyses to estimate divergence times, using only nucleotide data. The input file was created using BEAUti v1.6.1 (drummond & rAmbAuT 2007) using the same model as in MrBayes (GTR+Gamma+Invar) and the gamma distribution modeled with four categories and estimated base frequencies. A relaxed molecular clock was used with rates for each branch drawn independently from a lognormal distribution (drummond & rAmbAuT 2007 ). The tree model used a normal distribution for the birthdeath 'meanGrowthRate' and 'relativeDeathRate' priors (initial = 1), and a randomly generated starting tree. After several short runs and a run sampling from priors only, the MCMC operators were tuned to the suggested output diagnostics. Finally, two BEAST runs were performed of each 50,000,000 generations. Convergence was checked using Tracer v1.5 (drummond & rAmbAuT 2007) . After discarding of a 10% burn-in, the trees and parameter estimates were combined and down-sampled to 20,000 trees using LogCombiner v1.6.1 (drummond & rAmbAuT 2007) . The samples from the posterior were summarized using TreeAnnotator v1.6.1 (drummond & rAmbAuT 2007), using a maximum clade credibility (MCC) tree, a posterior probability limit of 0.5, and mean node height as settings. FigTree v1.2.3 (available at http://tree.bio.ed.ac.uk/software/figtree/) was used for visualization.
After BEAST analysis, the fully-resolved MCC tree was used for Maximum Likelihood (ML) ancestral area reconstruction (AAR), using MESQUITE ( 
Molecular age and divergence times
The use of multiple, well-supported fossil dates for calibration is ideal, particularly if these fossils are sequential along a lineage (huG & roGer 2007) . The earliest fossils that have been referred to the other families within the Orthalicoidea date from the Tertiary (breure 1978; briTo 1967; miquel & belloSi 2010; PArodiz 1969; roTh & meGAW 1989) . They are classified with the extant genera Thaumastus, Plagiodontes, and Rabdotus, and the fossil genera Paleobulimulus and Itaborahia. Fossils attributed to the three extant genera all originate from as early as the Eocene, implying that nodes I, VI, and VIII (Fig. 3) should be placed in or before that period. Paleobulimus and Itaborahia species have been dated as Eocene and Miocene respectively. The former genus has been related to Lissoacme (PArodiz 1969), which has been considered a synonym of Bostryx s.l. by breure (1979); it cannot be associated with any of the species in this study. Itaborahia species show a protoconch sculpture that could be associated with either Odontostomidae (e.g., Spixia) or Bulimulidae (e.g., Naesiotus). It is therefore difficult to assign this genus to a specific branch in the current tree.
Calibration dates for the minimum ages of the fossils were set to 45 Ma for the clades (corresponding to Fig. 3 nodes I, VI, and VIII) derived from analyses in the previous BEAST runs; these taxon sets were constrained to be monophyletic in BEAUti, and the stem was defined not to be included in the tMRCA. BEAST was run for 25,000,000 generations, the conversion was checked in fig. 1 ).
Analyses of CO1 as single gene analysis (with a reduced taxon set) proved to be rather uninformative, especially under Bayesian inference, when most taxa appeared as a single polytomy (not shown). Under ML, several groups of taxa could be recognized, partially according with the clade structure mentioned above (Fig.  7) . However, the support values were generally very low. Analyses of H3 also used a reduced taxon set. The results show the same pattern as in the 28S analysis, but generally with lower support values (Fig. 8 ).
Phylogenetic analyses: combined dataset
All analyses of the CPS gave a strong support for monophyly of the Orthalicoidea (ML: 99, MrB: 1, B: 0.94; Figs 9-10 and Fig. 1 respectively) . The topology followed generally those obtained in the single gene analyses of 28S (exceptions, see below), with the same order for the different clades. The following is based on the BEAST analysis only. Within clade A three subclades were obtained, comprising species hitherto classified within Bulimulus, Naesiotus, Rabdotus and Bostryx (A1), Drymaeus, Neopetraeus and Scutalus (A2), and Bostryx (A3); posterior probabilities 1, 1, and 1 respectively. Clade B is weakly (posterior probability: 0.55) supported in this analysis. This clade is clearly demarcated in two subclades: Clessinia and Spixia (B1) and Plagiodontes, Cyclodontina and Bahiensis (B2). In the former subclade, both genera appear to be paraphyletic. Clade C is strongly supported and comprises both Leiostracus and Simpulopsis species. Also in this clade, paraphyletic relations appear. The root of clade A-C is strongly supported. Also clade D is strongly supported and shows an assemblage of two subclades. Placocharis, Eumecostylus and Placostylus are strongly supported as subclade D1. Bothriembryon, Prestonella, and the combination of Plectostylus and Discoleus are, however, weakly supported as subclade D2 (posterior probability: 0.68; see also Discussion). Clade E is moderately supported (posterior probability: 0.85) and consists of Megaspira and two species hitherto classified as Thaumastus s.str. Clade F comprises Corona, Porphyrobaphe, Orthalicus and Thaumastus (Kara), but is only weakly supported (posterior probability: 0.74). The support for clade G, comprising Plekocheilus and Gaeotis, is strong. It should be noted, however, that both clade F and G are poorly sampled in terms of taxa described from these groups. Finally, in this analysis Thaumastus (Paeniscutalus) crenellus is basal in the Orthalicoidea tree. The ML and MrB analysis (Figs 9-10 respectively) follow the pattern described above, with some notable exceptions. The positions of subclades A1 and A2 were swapped in the ML and MrB analyses, with a weak support (ML: 50) for the node between the two subclades in the ML analysis. In both the ML and MrB analyses, Bahiensis appears paraphyletic to the other members of clade B. In clade D the topology differs from that described above. In the ML analysis Bothriembryon is basal within the clade. In the MrB analysis, the Neotropical genera Plectostylus and Discoleus appear basal, while the other members of the clade form a polytomy. The root of clades F and G is strongly supported in both the ML and MrB analyses (ML: 98, MrB: 1). The topology differs, however, in both analyses due to the position of Thaumastus (Kara) thompsonii (in ML analysis within clade G, support < 50; in MrB analysis within clade F, support 0.64). In the ML analysis, Thaumastus (Paeniscutalus) crenellus is the sister-group of clades F-G but with very weak support (< 50); in the MrB analysis the basal part of the Orthalicoid tree is a polytomy.
Finally, Pilsbrylia paradoxa appears in all analyses (including the single gene analyses) among the outgroup species. Hitherto, Pilsbrylia has been classified within the Odontostomidae.
Phylogenetic signal detection
Likelihood mapping of the CPS revealed that the data are phylogenetically informative, with 90.4% of the quartets being fully resolved. The distribution of the quartet analysis is shown in Fig. 2 , with the fully recovered quartets depicted in the corners of the triangle. Conflicting topologies account for 5.9% (partially resolved quartets along the sides); 3.7% of the quartets are unresolved and shown in the centre.
Ancestral area reconstruction
Proportional probabilities inferred with maximum likelihood, representing the mapping confidence given the current area of the extant taxa, are presented in Fig.  3 . The uncertainty about the biogeographical conclusion is highest in three parts of the tree, where one-state likelihood is less than 0.90. This is markedly the case within clade D (Placostylidae sensu lato), which may be due to the limited taxon sampling in combination with a complex geological and biogeographical history of the Gondwana area. Parts of clades A and G suggest three independent dispersals out of South America into Central America and the West Indies. However, it may be noted that one-state likelihood of several nodes indicate uncertainty about the timing, and further studies on this group are clearly needed.
Divergence time analysis
Divergence time estimates based on our molecular data (Fig. 4) place the origin of the crown group of the Orthalicoidea at approximately 114 Ma (time of most recent common ancestor, tMRCA; 95% posterior credibility interval (CI): 83-153 Ma). During the late Cretaceous the ancestal 'proto-Orthalicids' arose at 72 Ma (CI: 46.8-100.0) from which derived the Orthalicidae and Amphibulimidae (clades F and G, respectively). Around the same time (tMRCA 88 Ma, CI: 73.2-105.3) the 'proto-Bulimulids' split into the Gondwana clade (D) and all remaining families (clade A-C, E). The major diversification within the superfamily, however, started around the Cretaceous-Paleogene (K-Pg) boundary (Fig.   Fig. 8 . Maximum-likelihood phylogeny for the Orthalicoidea, based on 267 bp histone 3 nuclear DNA. Bootstrap values of 90 and above are presented to the left of the nodes. Scale bar in substitutions/site. eschweizerbartxxx sng-4, Table 2 ), when as many as 50% of land-dwelling species went extinct (bAiley et al. 2005; benTon 1997) .
With fossil calibration points in clades A, B, and E, the resulting tMRCA for clade D is markedly recent (38.6 Ma). The Placostylidae sensu neuberT et al. (2009) appear basal in this clade, with a tMRCA at 28.9 Ma for the node between New Zealand and Solomon Island taxa ( Fig. 4 ; CIs in Fig. 11 ). The node between Bothriembryon and the remaining three genera (Prestonella, Discoleus and Plectostylus) has a tMRCA of 31.4 Ma (CI: 20.1-45.6). The node between the African Prestonella and South American taxa is dated as 25.9 Ma (CI: 15.2-39.6). 
Discussion
Ancestral area reconstruction, divergence times, and geological evidence
Recently, criSP et al. (2011) have argued for applying testable hypotheses in biogeography, and to assess processes like vicariance and long-distance dispersal and establishment (LDDE). They also argue that AAR is an inductive and narrative approach. Although we concur with them that testing alternative hypotheses to explain current disjunctions is a more sound approach, we see still an added value for AAR in stimulating the generating of new hypotheses.
Our preliminary analysis supports an origin for this group in (what is now south-eastern) South America, with subsequent radiations into other parts of this continent and into different parts of Gondwana. With clade D as the only one within the Orthalicoidea which is distrubuted on three southern continents, the origin of this group (Fig. 3 , nodes II-III) may be dated as early as the Cretaceous (boGer 2011; FrAnzeSe & SPAlleTTi 2001; mclouGhlin 2001) . The split between Placostylidae sensu neuberT et al. (2009) and Bothriembryon (node III; see below) was postulated to be related to the division of Antarctica in a Western and Eastern part (breure 1979); however, boGer (2011: fig. 13 ) dates the Terra Australis Orogen that divides these parts at 510-300 Ma, which pre-dates the Cretaceous. The split between Zealandia and Gondwana is positioned in the Cretaceous (lAird & brAdShAW 2004; TreWick et al. 2007) . Within the Placostylinae, the split between species from the Solomon Islands and those from New Zealand and New Caledonia (node IV) is difficult to define from geological data, as the geology of this region is complex (TreWick et al. 2007; neAll & TreWick 2008) . However, a land connection between New Zealand and Solomon Island probably never existed (TreWick, pers. commun.) .
The data presented herein only support one of the hypotheses, viz. H2: the split between Australian Bothriembryon and South American Discoleus and Plectostylus, node V, is according to the known geological data of break-up of Gondwana. As criSP et al. (2011) point out, tests of vicariance ought to be two-tailed. Vicariance is rejected if the divergence between the taxa is too young (post-dates the origin of the barrier) or too old (pre-dates the origin of the barrier). In our data the CI of node V overlaps the time bar of the break-up between Australia and South America. Therefore, vicariance cannot be rejected. The two other hypotheses (H1, split between Placostylidae and others, respectively H3, split between Prestonella and Discoleus/Plectostylus) are rejected because the divergence time and error bars do not overlap with the known geological timing. Commonly, dispersal (in this case LDDE) is inferred as the alternative explanation of a biogeographical disjunction of a vicariance hypothesis (criSP et al. 2011) . Land snails are generally thought not to be dispersed over long distances, despite a growing evidence of the contrary (GiTTenberGer et al. 2006 , Greve et al. 2010 hoekSTrA & SchilThuizen 2011; roWSon et al. 2011) . In this group two instances of LDDE would need to be hypothesized and made testable using independent evidence; however, this is beyond the scope of the present paper and a topic for further research.
Topologies and systematics
The division within the Orthalicoidea into different clades of which some are monophyletic, is strongly supported in both the ML and BI analyses. These clades The Bulimulidae is made up by three clades, A1-A3, which may each be given subfamily rank. Clade A1 comprises the genera Bulimulus, Rabdotus, Naesiotus, and partly the genus Bostryx (sensu lato; breure 1979). As the genus Bulimulus is represented in the clade, it may be called Bulimulinae Tryon 1867. Further analyses need to show which of the subgenera of Bostryx may be assigned to this subfamily; their taxonomic status has to be re-evaluated accordingly. In clade A2 the genera Drymaeus, Peltella, Neopetraeus, and Scutalus are represented. The placement of Peltella in this clade is surprising at first sight, since it is a semi-slug which has been classified with other semi-slugs in the Amphibulimidae (breure 1974; Peltellinae sensu Schileyko 1999) . Semislugs, however, may be seen as adaptations to humid environments and are known to occur in various families of otherwise full-shelled taxa (breure 2010; cuezzo 1997; nArAnjo-GArciA et al. 2000 Bahiensis species appear as a paraphyletic group in the ML analyses, but as sister-group to all other Odontostomidae (clade B) in Bayesian analyses. In the BEAST analyses, however, Bahiensis appears as a member of the Odontostomidae; in the present study this genus is retained as a member of this family. Clade C is composed of Leiostracus and Simpulopsis species, and corresponds to the Simpulopsini of Schileyko (1999) ; it is here raised to family rank to reflect its paraphyletic position to the Odontostomidae.
Clade D is the only clade that shows a Gondwanan distribution pattern. Differences in topologies were only observed in the ML and MrB analyses; in the latter there remained a polytomy. In the BEAST analysis a topology was obtained that is partly consistent with the topology presented by herberT & miTchell (2009): Prestonella as sister-group to Bothriembryon, and Bothriembryon as sister-group to Placostylus. However, the inclusion of Discoleus and Plectostylus in the current analyses suggests that Prestonella is equally closely related to these South American genera. The support values in the molecular analyses for this group are relatively low and may need studies with increased taxon sampling. As this clade D appears to be monophyletic, the oldest available family name -i.e. Bothriembryontidae iredAle 1937 -should be used for it. This replaces the use of Placostylidae PilSbry 1946 PilSbry (boucheT et al. 2005 , which may be retained at subfamily rank for these snails from New Zealand and Melanesia (clade D1) since neuberT et al. (2009) showed their anatomical distinctness.
Clade E, comprising Thaumastus (Thaumastus) and Megaspira species, appears as paraphyletic to the previous one in all analyses. This clade may provisionally be called the Megaspiridae; increased taxon sampling should show if this grouping may be retained, as the support value is only moderate.
Clades F and G correspond to the Orthalicidae, respectively Amphibulimidae (breure et al. 2010) . On the basis of this analysis breure (2011) treated Thaumastus (Kara) as a separate genus. The paraphyletic and basal position of the monotypic Paeniscutalus crenellus suggests that this species is a relict of an older group; the species was hitherto classified as Thaumastus (Paeniscutalus); its present status is in accordance with PArodiz (1962) .
It is surprising that Pilsbrylia paradoxa, hitherto thought to belong to the Odontostomidae, in all analyses is grouped with the outgroup species. However, only part of the genera currently considered to belong to the Odontontomidae have been studied phylogenetically.
The current classification within the superfamily Orthalicoidea is summarized in Table 3 .
Conclusion
This analysis supports in many aspects the results of previous studies, summarized by breure et al. (2010) . However, also a number of surprising new results were obtained which alter the classification of this group as currently understood. For a better understanding of the deeper phylogenetic relationships within the Orthalicoidea, it would be interesting to have a better taxon sampling, especially of the Bothriembryontidae (Bothriembryon in Australia, Placostylus in Fiji and Vanuatu, and Plectostylus in Chile), Orthalicidae (several genera in northern South America, Central America, and the Caribbean), and Amphibulimidae (Plekocheilus, and various Caribbean semi-slugs). This would probably also shed light on the dispersals, now supposedly independent, into the Caribbean, and could lead to a well-sampled phylogenetic hypothesis that would allow further biogeographical hypotheses and a framework for future evolutionary studies. 
